Background An overwhelming proportion of road traffic deaths and injuries in lowand middle-income countries (LMICs) occur in prehospital environments. Lay first responders such as police officers play an important role in providing initial assistance to victims of road traffic injuries either alone or in collaboration with others. The present study evaluated a postcrash first aid (PFA) educational program developed for police officers in Tanzania. Method A 16-hour PFA educational program was conducted in Dar es Salaam, Tanzania, for 135 police officers. Participants completed training surveys before, immediately and six months after the training (before, N = 135; immediately after, N = 135; after six months, N = 102). The primary outcome measures were PFA knowledge, perceived skills confidence, and skills utilization. Parametric and nonparametric tests were used to analyse changes in outcome. Results The mean PFA knowledge score increased from 44.73% before training ( SD = 20.70) to 72.92% six months after training ( SD = 18.12), p ˂ .001, N = 102. The mean PFA perceived skills confidence score (measured on a 1-5 Likert scale) increased from 1.96 before training ( SD = 0.74) to 3.78 six months after training ( SD = 0.70), p ˂ .001, N = 102. Following training, application of the recovery position skill ( n = 42, 46%) and application of the bleeding control skill ( n = 45, 49%) were reported by nearly half of the responding officers. Less than a quarter of officers reported applying head and neck immobilization skills ( n = 20, 22%) following training.
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where resources are limited. Furthermore, the likelihood of applying such skills can be enhanced by the availability of the necessary resources. background More than 1.2 million people worldwide die every year as a result of injuries related to road traffic accidents, and as many as 50 million people continue to experience suffering as a result of such injuries (1). More than half of all deaths resulting from road traffic injuries (RTIs) occur among vulnerable road users such as pedestrians, cyclists, and motorcyclists. Also, an overwhelming proportion of these deaths occur in prehospital environments in low-and middle-income countries (LMICs) (2) .
Inadequate emergency transport services and a lack of qualified health-care providers are among the main obstacles to effective emergency prehospital care.
For instance, in more than half of African countries, less than 10% of seriously injured patients benefit from ambulance evacuation (3) . Most RTI victims get to the hospital from the scene through the efforts of untrained civilians and medically unknowledgeable lay responders such as police officers (4) (5) (6) (7) The World Health Organization (WHO) recommends that where no prehospital trauma care system exists, first responder care should be established through the involvement of members of the community (8) . Based on the WHO recommendation, several educational programs have been piloted across Africa to build knowledge and skills capacity of lay first responders to recognize an emergency, call for help, and provide initial care until formally trained health-care personnel can take responsibility (9) (10) (11) (12) . Previous studies of educational programs have focused on drivers or a mix of participants. Apart from being small studies, most of them did not go further to assess the application of trained knowledge and skills in the work 4 environment. The present study not only focused on an educational program for police officers, but also assessed the application of the trained skills in the work environment. In Tanzania, traffic police officers are officially responsible for providing first aid and for facilitating the transport of injured people from the accident scene to the hospital, either independently or in collaboration with other lay responders. Although a first aid course is part of the curriculum during police officers' formal trainings, a previous study conducted to investigate their knowledge, practice, and attitudes toward care of RTI victims revealed that they have low levels of knowledge and poor practices (13) . Some of the reasons for this finding could be attributed to the fact that the curriculum and training approach to the management of road trauma victims is inadequate. The purpose of postcrash first aid (PFA) educational programs is to provide traffic police officers with updated trauma care knowledge and skills by means of evidence-based teaching methods to ensure the effective transfer of knowledge and skills. In light of this, two research questions were addressed in the present study: (1) What were the levels of knowledge and perceived skills confidence among traffic police officers before and after a PFA educational program? (2) What was the level of skills utilization among traffic police officers after a PFA educational program? We hypothesized that first aid knowledge and perceived skills confidence among traffic police officers would improve after implementation of a PFA educational program.
methods

Design
A before-after single-arm pilot study involving a cohort of traffic police officers was initiated in June 2018. The study aimed to evaluate the impact of an educational 5 program on knowledge, perceived skills confidence, and utilization of trained skills in postcrash first aid (PFA). The study protocol was registered retrospectively at the Registry for International Development Impact Evaluation with ID number: RIDIE-STUDY-ID-5bb71e0ed1e89.
Setting
The present study was conducted in Dar es Salaam Region, Tanzania. The region, which has an area of 1,590 km 2 , is the location of the city of Dar es Salaam which is a major commercial seaport and Tanzania's largest city, with an estimated population of more than 5.7 million (14) .
Dar es Salaam Region was selected as the setting for the present study because, according to a 2016 report by the Tanzania Police Force and the National Bureau of Statistics, it has the nation's highest number of road traffic incidents, accounting for more than a third of all such incidents per year (15) . Almost all major roads and road accident hotspots in Dar es Salaam are lined with traffic police posts for observation and follow-up of road traffic incidents; this facilitates availability of traffic police in the event of an accident.
Participants
Traffic police officers were recruited to participate in the present study for three main reasons: (1) First aid provision is part of their job description; (2) they are authority figures and they command the crash scene; and (3) they are readily available at the crash scene. Details on participant background characteristics such as age, sex, educational background, and work experiences are provided in Table 1 . intervention studies that considered it of practical significance (16) .
PFA Program
The The course content was covered in two days (a total of 16 hours of session time). At the end of the training, the traffic police were given leaflets on basic steps in managing injury victims for use as a reference.
Data Collection and Procedures
Participants were recruited by means of a simple random sampling from a previous database regarding knowledge, self-reported practice, and attitudes of traffic police officers (13) . Before training sessions, officers were informed about the purpose and duration of the educational program and then were asked for their consent to participate.
Data were collected before and immediately after the educational program by questionnaire. Six months after the training, the police officers were contacted by telephone to identify their work locations; the researchers then physically visited the identified locations and asked the officers to complete a follow-up
questionnaire. An updated version of a self-administered questionnaire from a previous study was used in the present study for data collection (13) .
The process through which officers were recruited and follow-up was executed is summarized in Figure 1 .
[Insert Figure 1 around here]
.
Questionnaire
The questionnaire was developed on the basis of WHO guidelines on essential knowledge and skills for provision of basic first aid (8 results
Baseline Characteristics
Traffic police officers (N = 135) completed a training questionnaire before and immediately after training. About two thirds of the participants were male (n = 88; 65%) and two thirds were in the 30-39 years age interval (n = 61; 45%). The mean age was 36.25 years (SD = ± 8.0). More than two thirds of the participants (n = 96; 71%) had completed their education at the ordinary secondary school level.
Regarding work experience, more than three quarters (n = 113; 84%) had work experience of less than 10 years in the traffic police department. More than three quarters of the officers (n = 110; 81%) had not received on-the-job first aid training other than what they had received during police training. Among officers who reported providing care to RTI victims, more than three quarters (n = 104; 77%) 13 said they had cared for at least one RTI victims in the previous year. (Table 1 provides additional details on baseline information.)
A total of 102 traffic police officers completed the follow-up questionnaire (response rate 76%). There was no big difference in the percentage of officers who reported that they had cared for RTI victims one year before training versus six months after training; 86% of officers (n = 88) said they provided care at least to one RTI victims in the six months after the intervention
PFA Knowledge
The overall mean PFA knowledge score (N = 135) increased from 44.44% before training (SD = 21.20) to 84.54% immediately after training (SD = 13.76), p = ˂ .001.
It increased (N = 102) from 44.73% before training (SD=20.70) to 72.92% six months after training (SD = 18.12), p = ˂ .001.
The results indicated a significant time effect on scores when PFA knowledge was measured before, immediately after, and six months after training (N = 102 pairs), p = ˂ .001. The eta-squared statistic (.76) indicated a large effect size.
Immediately after training, statistically significant improvements were observed on all PFA knowledge score items when compared to the before-training condition. At six months post-training, statistically significant improvements on PFA knowledge score items were observed in all areas, with the exceptions of prioritizing care and assessing breathing, relative to the before-training condition; however, for these two items, scores were slightly higher compared to the before-training condition (see Table 2 ). NA=No statistics computed because T1 is constant.
Perceived PFA Skills
The mean PFA skills score (N = 135) increased from 1.98 before training (SD = 0.76) Immediately after training, statistically significant improvements in perceived skills confidence were observed on all skills items relative to the before-training condition. At six months post training, statistically significant improvement in perceived skills confidence was also observed on all skill items (see Table 3 ). 
Skills Utilization
Six months after the completion of training, 10 participants reported that they had never applied any of the trained skills because they had not encountered any RTI victims during that time; 92 participants reported that they had had an opportunity to apply the skills. Of that group of 92 officers, nearly half (n = 42, 46%) reported that recovery position skills were often applied. About half of the police officers (n = 45, 49%) reported that they had sometimes applied bleeding control skills. In contrast, only about a quarter of the officers (n = 20, 22%) reported having applied head and neck immobilization skills. Further details are provided in Figure 2 .
[Insert Figure 2 around here]
Correlation Between Outcome Measures and Baseline Characteristics
With one exception, application of the Spearman rank test indicated that there was no correlation between knowledge scores, perceived skills confidence scores, and skills utilization at any of the three study phases (before, immediately after, and after six months) when a comparison was made to baseline characteristics; the exception was a positive correlation between educational level and knowledge scores before intervention (r = .218).
Discussion
The We tested the hypothesis that a PFA educational program delivered to traffic police would lead to improved knowledge and increased confidence in first aid delivery skills. Before the training, police officers had low levels of knowledge and confidence in regard to administering first aid to RTI victims, a finding that is reflected in those of a previous survey in Tanzania (13) . Post-training surveys immediately after training and after six months showed that there was a significant improvement in first aid knowledge and perceived skills confidence among traffic police. Similar studies on lay responder first aid training with participants other than police officers also demonstrated the positive impact of educational training on first aid knowledge and skills (9, 10, (20) (21) (22) . Common to these studies was the use of didactic and hands-on approaches to training. In addition, training course content covered essential basic first aid interventions as recommended by WHO for use in resource-limited settings (8) . Results from the present study and others indicate reliability in training approach to bring about positive outcomes. This finding is an important consideration in scaling up such programs across different setting and target groups.
Retention of trained knowledge among police officers was observed to be high six months after the completion of training. This finding corresponds to that of a similar study conducted in Uganda which showed high retention of first aid knowledge among police officers (10) . This may suggest that police can reliably provide correct interventions over time with minimal refresher courses. However, more comparative studies are needed to substantiate this assumption.
Six months after the completion of training, about 90% of officers in the present study had used at least one trained first aid skill, the most frequently applied skills being positioning victims in the recovery position (46%), caring for fractures (39%), and conducting breathing assessments (39%). These findings closely resemble those of the study done in Uganda (10) (though that study included also participants who were not police officers) with regard to the use of the recovery position (57% in the Uganda study) and stabilization of fractures (35% in the Uganda study). In contrast, bleeding control was applied much less often in the present study (29%) relative to the Ugandan study (74%). The wide difference in applying bleeding control measures may be attributed to, among other things, a lack of availability of first aid kits and supplies such as gloves, given that such supplies were not provided after completion of the training described in the present study. It can be assumed that participants were afraid to apply the skill without protective gears for fear of being infected by any blood-borne disease.
Regarding training experience, both immediately after and six months after completion of the training more than 80% of traffic police in the present study reported that they had had enough time to train, that the content of the training and the teaching methods were relevant, and that consequently they were well prepared to provide first aid. These views may suggest that an environment laypersons; the review showed that traditional first aid training is more likely to improve trainees' competence levels than willingness to help during emergencies (23) . However, considering that 90% of police officers in the present study used at least one of their trained skills, it would be interesting to learn the motivation behind this despite challenging work conditions.
Limitations of the Study
The present study had several limitations. First, it did not have a control group, and thus it cannot be stated conclusively that the observed change in knowledge and perceived skills confidence was caused by the training program alone. However, having a control group among police working in the same jurisdictional area would have created a high risk of contamination because police officers in a potential control group would have received a lot of information regarding the course while working with police officers in the intervention group. Second, in this study, we did not provide first aid kits and materials such as gloves for police officers to use when they encountered RTI victims. Therefore, application of the knowledge acquired in training may have been affected by a lack of supplies. Third, self-reporting was used to measure one of the outcomes; in such a situation, social desirability can be a reason for a change. However, respondents were informed about the importance of being truthful and expressing their views freely, as they were assured that confidentiality would be respected.
Suggestions for Future Research
Additional research is required to evaluate the impact of the first aid educational program on actual skills change; findings based on reported changes in skills, while useful, are not entirely sufficient. Furthermore, research to evaluate the impact of contextual factors on helping behaviour is required to shed more light on police officers' willingness to help and to understand why certain skills are used more than others.
Implications for Prehospital Care Practice
The educational program was found to have a significant positive impact on PFA knowledge and perceived skills confidence among police officers. Furthermore, the majority of the trainees reported using at least one trained skill to care for RTI victims after completion of the training. From this evidence it can be concluded that scaling up such a program by training more police officers and by making the work environment more supportive of such training may lead to a better quality of care for RTI victims.
conclusion
The results of the present study suggest that the PFA educational program and training approach described in the study may be effective at imparting prehospital trauma care knowledge and skills to layperson first responders such as police in resource-limited contexts. This conclusion is based on the finding that there was significant improvement in knowledge and perceived skills confidence that persisted for at least six months. Furthermore, given a conducive work environment, the likelihood of the application of skills acquired in training can be enhanced. 
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